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(57) ABSTRACT

A liquid discharging apparatus enhances a detection accu-
racy of a contact state when a recording medium and a liquid
discharging unit come 1nto contact, and suppresses contact
between the recording medium and the liquid discharging
umt, which may cause damage. The liquid discharging
apparatus includes a transport unit, a liquid discharging unat,
a skirt provided to the liquid discharging unit in a position
that faces the recording medium transported to the recording
region, a piezoelectric film sensor adhered to an adhering
surface of the skirt and configured to generate an output 1n
accordance with a degree of deformation of the adhering
surface, and a control unit configured to control the liquid
discharging unit and/or the transport unit on the basis of the
output of the piezoelectric film sensor. The adhering surface
of the skirt includes a slit formed around the periphery
thereof.

13 Claims, 9 Drawing Sheets
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FIG. 6
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1
LIQUID DISCHARGING APPARATUS

BACKGROUND

1. Technical Field

Embodiments of the present mvention relate to a liquid
discharging apparatus.

2. Related Art

In the related art, liquid discharging apparatuses config-
ured to discharge a liquid such as ink onto a transported
recording medium have been used. In such a liquid dis-
charging apparatus, when the transported recording medium
and a liquid discharging unit come into contact with each
other, at least one of the recording medium and the liqud
discharging unit may become damaged. Hence, to suppress
contact between the recording medium and the liquid dis-
charging unit, various techniques have been disclosed.

For example, JP-A-1993-301413 discloses a liquid dis-
charging apparatus (inkjet recording apparatus) that sup-
presses contact between the recording medium and the
liquad discharging unit (recording head) by detecting a
transport error of the recording medium using an optical
detection device.

Nevertheless, an optical detection device as disclosed 1n
JP-A-1993-301413, or a mechanical type detection device of
the related art, or the like may erroneously determine that the
recording medium and the liquid discharging unit are in
contact when they not in contact, or conversely that the
recording medium and the liquid discharging unit are not in
contact when, 1n fact, they are in contact with each other.
The detection accuracy of the detection device of the related
art that detects contact between the recording medium and
the liquid discharging unit 1s thus low. With such a low
detection accuracy, the problem arises that contact between
the recording medium and the liquid discharging unit may

cause damage to at least one of the recording medium and
the liquid discharging unat.

SUMMARY

Embodiments of the mnvention have been made to solve at
least part of the problems described above, and can be
realized as the following modes or application examples.

Application Example 1

A liquid discharging apparatus according to the present
application example includes a transport unit configured to
transport a recording medium in a transport direction, a
liquid discharging unit configured to discharge a liquid onto
the recording medium transported to a recording region, a
sensor adhering plate provided to or on the liquid discharg-
ing unit 1n a position that faces the recording medium
transported to the recording region, a piezoelectric film
sensor adhered to an adhering surface of the sensor adhering
plate and configured to generate an output 1n accordance
with a degree of deformation of the adhering surface, and a
control unit configured to control the liquid discharging unit
and/or the transport unit on the basis of the output of the
piezoelectric film sensor. In one embodiment of the liquid
discharging apparatus, the adhering surface of the sensor
adhering plate includes a slit formed around a periphery
thereof.
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According to the application example, the slit (for
example a fine groove that penetrates the sensor adhering
plate) 1s formed around the periphery of the adhering surface
onto which the piezoelectric film sensor 1s adhered. This
arrangement makes the region of the sensor adhering plate
that includes the adhering surface less susceptible to stress
from the periphery when the adhering surface deforms (or 1s
about to deform). That 1s, the slit 1s provided around the
periphery of the adhering surface, making it possible to
facilitate deformation of the adhering surface. Thus, the
piezoelectric film sensor adhered to the adhering surface
makes 1t possible to detect the recording medium that comes
into contact with the region of the sensor adhering plate,
which includes the adhering surface, with higher sensitivity.
In one example, 1t 1s possible to detect when the recording
medium comes into contact with the region of the sensor
adhering plate with higher accuracy. This makes it possible
to further enhance the detection accuracy of detecting the
contact state when the recording medimum and the liquid
discharging unit come 1nto contact each other. This also
makes 1t possible to suppress contact between the recording
medium and the liquid discharging umt that may cause
damage to at least one of the recording medium and the
liquid discharging unit.

Application Example 2

In this example, the liquid discharging apparatus accord-
ing to the application example above is further configured
such that the sensor adhering plate includes a deformation
regulating unit that regulates a maximum amount of defor-
mation of the adhering surface.

According to the present application example, the sensor
adhering plate includes the deformation regulating unit that
1s configured to regulate the maximum amount of deforma-
tion of the adhering surface, thereby preventing the adhering
surface, which 1s configured to easily deform, from deform-
ing beyond a limit. That 1s, damage to the sensor adhering
plate (the region of the sensor adhering plate that includes
the adhering surface) caused by contact with the recording
medium or the like 1s prevented.

Application Example 3

The liquid discharging apparatus according to the appli-
cation examples above may be further configured such that
the liqud discharging unit includes a recording head pro-
vided with a plurality of nozzles configured to discharge the
liqguid. The adhering surface 1s provided to or on a back
surface of a recording medium facing surface of the sensor
adhering plate. The recording medium facing surface faces
the recording medium transported to the recording region. A
space between the back surface of the adhering surface and
the recording medium transported to the recording region 1s
smaller than a space between the recording head and the
recording medium transported to the recording region.

According to the present application example, a distance
between the back surface of the adhering surface onto which
the piezoelectric film sensor 1s adhered and the recording
medium transported to the recording region i1s less than a
distance between the recording head and the recording
medium transported to the recording region. This makes 1s
possible for the piezoelectric film sensor to detect that the
recording medium 1s near but not i contact with the
recording head. This makes it possible to suppress contact
between the recording medium and the liquid discharging
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unit which contact causes damage to at least one of the
recording medium and the liquid discharging unat.

Application Example 4

The liquid discharging apparatus according to the appli-
cation examples above may be further configured such that
the piezoelectric film sensor includes a detecting unit con-
figured to generate an output 1n accordance with a degree of
deformation of the adhering surface, and a circuit umit that
includes a circuit configured to transmit the output to the
control unit. In such a ligmid discharging apparatus, the slit
1s formed around the periphery of the adhering surface onto
which the detecting unit 1s adhered.

According to the present application example, the slit 1s
provided around the periphery of the adhering surface onto
which the detecting unit of the piezoelectric film sensor 1s
adhered, making it possible to facilitate deformation of the
adhering surface onto which the detecting unit 1s adhered.
This makes 1t possible to further increase the sensitivity of
the piezoelectric film sensor. Further, the slit 1s not formed
around the periphery of the adhering surface onto which the
circuit unit 1s adhered 1n one example, making it possible to
decrease the degree to which the circuit unit deforms and
thus suppress a decrease 1n reliability of the circuit unit.

Application Example 5

The liquid discharging apparatus according to the appli-
cation examples above may be further configured such that
the liquid discharging unit allows discharging of the liquid
while moving 1n an intersecting direction that intersects with
the transport direction. The control unit controls the move-
ment of the liguid discharging unit on the basis of the output
of the piezoelectric film sensor.

According to the present application example, 1t 1s pos-
sible to prevent contact between the recording medium and
the liquud discharging unit that moves in the intersecting
direction, which causes damage to at least one of the
recording medium and the liquid discharging unat.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will be described with
reference to the accompanying drawings, wherein like num-
bers reference like elements.

FIG. 1 1s a schematic side view illustrating a recording
apparatus according to Example 1 of the imvention.

FI1G. 2 1s a schematic plan view illustrating a main part of
the recording apparatus according to Example 1 of the
invention.

FIG. 3 1s a schematic front cross-sectional view 1llustrat-
ing the main part of the recording apparatus according to
Example 1 of the invention.

FIG. 4 1s a block diagram illustrating the recording
apparatus according to Example 1 of the mvention.

FIG. 5 1s a plan view 1illustrating a main part E of a skirt
illustrated 1n FIG. 2.

FIG. 6 1s a cross-sectional view along F-F 1n FIG. 5.

FI1G. 7 1s a schematic plan view illustrating a piezoelectric
film sensor adhered to an adhering surface.

FIG. 8 1s a schematic front cross-sectional view 1llustrat-
ing a main part H of the skart illustrated in FIG. 6.

FI1G. 9 1s a schematic plan view illustrating the piezoelec-
tric film sensor adhered to an adhering surface of the skirt
according to Modified Example 1.
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4
DESCRIPTION OF EMBODIMENTS

Heremafiter, exemplary embodiments will be described
with reference to the accompanying drawings. The follow-
ing discloses a recording apparatus according to an example
that serves as “the liquid discharging apparatus™ of the
invention, without limiting embodiments of the ivention.
Note that, 1n each diagram below, elements may be 1llus-
trated on a scale that differs from actuality for ease of
explanation. Further, “mtersect” means “preferably inter-
sect” unless otherwise stated.

Exemplary Embodiment 1

FIG. 1 1s a schematic side view illustrating a recording
apparatus 1 according to the present exemplary embodi-
ment.

The recording apparatus 1 according to the exemplary
embodiment includes a transport unit 9 configured to trans-
port a recording medium P in a transport direction A, a liquad
discharging unit 100 configured to discharge ink as a “lig-
uid” onto the recording medium P transported to a recording
region, a skirt 110 serving as a “sensor adhering plate”
provided to or on the liquid discharging umt 100 1n a
position that faces the recording medium P transported to the
recording region, a piezoelectric film sensor 120 adhered to
an adhering surface 111 A of the skirt 110 and configured to
generate an output 1 accordance with a degree of deforma-
tion of the adhering surface 111A, and a control unit 18
configured to control the liquid discharging unit 100 and/or
the transport unit 9 on the basis of the output of the
piezoelectric film sensor 120. In addition, a slit may be
formed around a periphery of the adhering surface 111 A of
the skirt 110. The recording apparatus 1 will be described 1n
detail below.

As 1llustrated 1 FIG. 1, the recording apparatus 1 of the
exemplary embodiment transports the recording medium P
in the transport direction A from a setting unit 14 of the
recording medium P to a winding umt 135 of the recording
medium P via a platen 2, a platen 3, and a platen 4 serving
as support units of the recording medium P. That 1s, the area
from the setting unit 14 to the winding unit 15 serves as a
transport path of the recording medium P of the recording
apparatus 1, and the platen 2, the platen 3, and the platen 4
serve as support units of the recording medium P provided
to the transport path. Note that the setting unit 14 rotates in
a rotation direction C to feed the recording medium P, and
the winding unit 15 rotates 1n the rotation direction C to
wind the recording medium P.

Note that while the recording apparatus 1 of the exem-
plary embodiment 1s configured to allow recording on the
recording medium P that has a roll shape, the recording
apparatus 1 1s not limited to such a configuration and may
allow recording on a recording medium P that has a cut-
sheet shape. When the configuration allows recording on the
recording medium P that has a cut-sheet shape, a so-called
paper feed (feeding) tray and a paper feed (feeding) cassette
or the like, for example, may be used as the setting unit 14
of the recording medium P. Further, a so-called discharge
receiving unit, a paper discharge (discharge) tray, and a
paper discharge (discharge) cassette, or the like, for
example, may be used as a collecting umt other than the
winding unit 15 of the recording medium P when discharg-
ing the recording medium P that has a cut-sheet shape.

Note that, 1n the exemplary embodiment, the wound
roll-type recording medimum P 1s used with a recording
surface 16 on the outside. Thus, a rotating shait of the setting
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unit 14 rotates 1n the rotation direction C when the recording,
medium P 1s fed from the setting unit 14. On the other hand,
when the wound roll-type recording medium P 1s used with
the recording surface 16 on the 1nside, the rotating shatt of
the setting unit 14 can rotate 1n the direction opposite to the
rotation direction C to feed the recording medium P.

Similarly, the winding unit 15 of the exemplary embodi-
ment winds the recording medium P with the recording
surface 16 on the outside, and thus the rotating shaft of the
winding unit 15 rotates 1n the rotation direction C. On the
other hand, when the recording medium P 1s used with the
recording surface 16 on the inside, the rotating shaft of the
winding unit 15 can rotate in the direction opposite to the
rotation direction C to wind the recording medium P.

The platen 2 of the recording apparatus 1 of the exemplary
embodiment 1s provided with a heater 6. The heater 6 1s
provided to heat (so-called preheat) the recording medium P
betore recording 1s executed by a recording head 12 serving,
as a recording unit.

Note that the recording apparatus 1 of the exemplary
embodiment 1s configured to preheat the recording medium
P from a surface 17 side opposite to the recording surface 16
of the recording medium P using the heater 6. Nevertheless,
the recording apparatus 1 may, for example, be configured to
preheat the recording medium P from the recording surface
16 side using a heater capable of heating the recording
medium P. For example, a heater may irradiate infrared rays
from the recording surface 16 side of the recording medium
P to heat the recording medium P from the recording surface
16 side.

Further, the recording apparatus 1 of the exemplary
embodiment 1s provided with a driving roller 5 between the
platen 2 and the platen 3. This driving roller 5 includes a
rotating shaft arranged in an intersecting direction B that
intersects with the transport direction A. The driving roller
5 applies a feeding force to the surface 17 of the recording
medium P.

Further, a driven roller 7 that includes a rotating shaft in
the mtersecting direction B 1s provided to or at a position
tacing the driving roller 5. The recording medium P can be
interposed between or pinched by the driving roller 5 and the
driven roller 7, which form a pair of rollers. With such a
configuration, the transport unit 9 1s provided between or by

the driving roller 5 and the driven roller 7. Here, the driven
roller refers to a roller that rotates 1n association with the
transport of the recording medium P.

Further, when the recording medium P 1s transported in
the transport direction A, the driving roller 5 rotates 1n the
rotation direction C, and the driven roller 7 rotates in the
direction opposite to the rotation direction C.

Further, the liquid discharging unit 100 1s a section or
portion configured to discharge ink (or other liquid) onto the
recording medium P. The liquid discharging unit 100
includes the recording head 12, a carniage 11, and the like.
The recording head 12 1s provided on a surface facing the
platen 3 of the carriage 11. The recording apparatus 1
discharges ink from a nozzle forming surface (surface
formed by a plurality of nozzles that discharge the 1nk) F of
the recording head 12 1n a direction D (in the direction from
a nozzle forming surface F to the recording medium P;
vertically downward 1n the exemplary embodiment) while
the recording head 12 is reciprocated i1n the intersecting
direction B via the carriage 11, and forms a desired image.
The region where the ink 1s discharged onto the recording
medium P on the platen 3 1s equivalent to the “recording
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region”. According to such a configuration, the recording
head 12 can discharge ink serving as the liquid onto the
recording medium P.

Note that while the recording apparatus 1 of the exem-
plary embodiment includes the recording head 12 that
records while reciprocating, the recording apparatus 1 may
include a so-called line head provided with a plurality of
nozzles configured to discharge ink 1n the intersecting direc-
tion B that intersects with the transport direction A. When
the recording apparatus 1 includes the line head, the line
head 1s equivalent to the “liqud discharging unit™.

In one example, the “line head” 1s a recording head 1n
which the region of the nozzles formed in the intersecting
direction B that intersects with the transport direction A of
the recording medium P 1s capable of covering the recording
medium P across the entire intersecting direction B or across
a region wider than the recording medium 1n one example,
and 1s used 1n a recording apparatus that forms an image by
relatively moving the recording head or the recording
medium P. Note that the region of the nozzles of the line
head 1n the intersecting direction B need not be capable of
covering the entire recording medium P supported by the
recording apparatus across the entire intersecting direction
B.

Further, both side end portions of the carriage 11 1n the
intersecting direction B are provided with a skirt 110 onto
which the piezoelectric film sensor 120 (refer to FIG. 2 and
FIG. 3) 1s adhered 1n one example. The skirt 110 1s a member
configured to suppress contact between the recording
medium P and the recording head 12. The specific configu-
ration of the piezoelectric film sensor 120 and the skirt 110
will be described later.

Further, a heater 8 1s provided on a downstream side of the
recording head 12 1n the transport direction A (refer to FIG.
1) in one embodiment. This heater 8 serves as a heating unit
capable of 1rradiating infrared rays toward the region
recorded by the recording head 12.

Note that, while the heater 8 of the exemplary embodi-
ment 1s an 1nirared ray heater provided to or at a position
facing the platen 3 and capable of heating the recording
surface 16 side of the recording medium P, the heater 8 1s not
limited to such a heater, and a heater capable of heating the
recording medium P from the platen 3 side (surface 17 side)
may be used.

Further, a heater 13 capable of irradiating 1inirared rays 1s
provided on the downstream side of the heater 8 in the
transport direction A of the recording medium P. Note that,
while the heater 13 of the exemplary embodiment 1s an
inirared ray heater provided to a position facing the platen
4 and capable of heating the recording surface 16 side of the
recording medium P, the heater 13 1s not limited to such a
heater. A heater capable of heating the recording medium P
from the platen 4 side (surface 17 side) may be used. Further,
a blowing device such as a fan or the like may be used 1n
place of a heating apparatus such as the infrared ray heater,
for example.

Next, a basic configuration of the piezoelectric film sensor
120 and the skirt 110, which are the main parts of the
recording apparatus 1 of the exemplary embodiment, will be
described.

FIG. 2 1s a schematic plan view illustrating the liquid
discharging unit 100 of the exemplary embodiment, and
FIG. 3 1s a schematic front cross-sectional view illustrating
the liquid discharging unit 100.

The liquid discharging unit 100 of the exemplary embodi-
ment, as illustrated 1n FI1G. 2 and FIG. 3, 1s provided with the
skirt 110. The piezoelectric film sensor 120 1s adhered to the
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skirt 110, on both side end portions of the carriage 11 1n the
intersecting direction B. The skarts 110, as 1llustrated 1n FIG.
3, are each configured to ensure that a space d2 between the
recording medium P and a bottom surface of the skirt 110
(back surface of the surface onto which the piezoelectric
film sensor 120 1s adhered) i1s smaller than a space dil
between the recording medium P and the recording head 12
(nozzle forming surface F).

As described above, the recording apparatus 1 of the
exemplary embodiment includes the carriage 11, which
includes the recording head 12 configured to discharge ink
onto the recording medium P, and the transport unit 9
configured to transport the recording medium P. Further, as
illustrated 1 FIG. 2 and FIG. 3, the piezoelectric film
sensors 120 are adhered to the skirts 110 provided to or on
both side end portions of the carriage 11 1n the intersecting
direction B. This arrangement makes it possible to detect
slight distortion of the skirts 110. That 1s, the recording
apparatus 1 of the exemplary embodiment can detect contact
between the recording medium P and the carriage 11 with
high accuracy (an accuracy corresponding to the slight
distortion) by detecting this slight distortion. Because the
slight distortions can be detected, it 1s possible to suppress
contact between the recording medium P and the carriage 11,
which may cause damage to at least one of the recording
medium P and the carriage 11 (1in particular, this may cause
damage to the recording head 12).

Further, when the recording apparatus 1 of the exemplary
embodiment detects displacement (deformation) of the
piezoelectric film sensor 120, the recording apparatus 1 can
stop at least one of the discharging of 1nk by the recording
head 12 provided to the carrniage 11 and the transport of the
recording medium P by the transport unit 9 by control
performed by the control unit 18 (refer to FI1G. 4) described
later. In other words, transport of the medium may be
stopped or slowed and/or the ejection of liqmd may be
stopped when the displacement or deformation 1s detected.
This may allow the problem to be i1dentified and remedied
before continuing with the printing operation.

In one example, the piezoelectric film sensor 120 1s a
sensor configured by arranging a piezoelectric element into
a film shape. The piezoelectric film sensor 1s a highly
accurate sensor capable of detecting a slight distortion of the
section on which the piezoelectric film sensor 120 1s
attached as displacement. That 1s, the recording apparatus 1
of the exemplary embodiment can detect contact between
the recording medium P and the liquid discharging unit 100
(or contact between the recording medium P and the piezo-
clectric film sensor or skirt) with high accuracy. The accu-
racy corresponds to the slight distortion of the section on
which the piezoelectric film sensor 120 1s attached. Then,
when contact between the recording medium P and the
liquid discharging unit 100 (or more specifically the skirt
110 or the sensor) 1s detected, the damage to at least one of
the recording medium P and the liguid discharging unit 100
1s suppressed. This makes it possible to stop at least one of
the discharging of ink by the recording head 12 of the liquid
discharging unit 100 and the transport of the recording
medium P by the transport unit 9 by the control performed
by the control unit 18. As a result, the recording apparatus
1 of the exemplary embodiment can suppress contact
between the recording medium P and the liquid discharging
unit 100 which causes damage to at least one of the
recording medium P and the liquid discharging unit 100.

Note that the ink discharging operation stopped by the
control performed by the control unit 18 may include the
movement operation of the carriage 11 in the intersecting
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direction B. Thus, control may be performed to stop the
ejection of 1nk and/or to stop movement of the carriage 11.

Further, as described above, 1n the recording apparatus 1
of the exemplary embodiment, the carnage 11 (recording
head 12) 1s capable of discharging ink while reciprocating in
the 1ntersecting direction B that intersects with the transport
direction A of the recording medium P. Then, with the
control performed by the control unit 18, 1t 1s possible to
enable detection of a displacement of the piezoelectric film
sensor 120 during at least a constant velocity movement
time during reciprocation of the carriage 11.

The reciprocation of the carriage 11 includes an accelera-
tion movement time 1 which the carriage 11 accelerates
from a stop state to a constant velocity state, the constant
velocity movement time, and a deceleration movement time
in which movement decelerates from a constant velocity
state to a stop state. During the acceleration movement time
and the deceleration movement time, a force in the recip-
rocation direction 1s applied to the carrtage 11 and may
possibly cause deformation (distortion) of the carriage 11.
This leads to the concern that, during the acceleration
movement time and the deceleration movement time of the
carriage 11, deformation of the carriage 11 associated with
the acceleration or the deceleration may be misjudged as
deformation of the carriage 11 associated with contact
between the recording medium P and the carriage 11.
Nevertheless, 1n the recording apparatus 1 of the exemplary
embodiment, the carriage 11 1s capable of discharging ink
while reciprocating in the intersecting direction B that
intersects with the transport direction A of the recording
medium P, and detection of a displacement of the piezoelec-
tric {ilm sensor 120 1s enabled only during the constant
velocity movement time during reciprocation of the carriage
11 1 one example. As a result, the configuration makes it
possible to suppress the misjudgment that the recording
medium has come into contact with the sensor or with the
carriage or with the recording head, or the like.

Note that 1n the exemplary embodiment, while a configu-
ration 1n which “detection of displacement of the piezoelec-
tric {ilm sensor 120 1s enabled only during the constant
velocity movement time of reciprocation of the carriage 117

1s a configuration 1n which detection 1s stopped during the
acceleration movement time as well as the deceleration
movement time of the carriage 11, the configuration may
allow detection during the acceleration movement time and
the deceleration movement time of the carriage 11 using a
standard diflerent from the constant velocity movement time
(for example, by increasing a threshold of the acceleration
movement time and the deceleration movement time). More
specifically, the threshold displacement detected during the
acceleration movement time and the deceleration movement
time may be different (e.g., greater) than the threshold
displacement detected for the constant velocity movement
time.

Further, as illustrated 1n FIG. 2 and FIG. 3, 1n the liquad
discharging unit 100 of the exemplary embodiment, the
piezoelectric film sensor 120 1s provided on both sides 1n the
intersecting direction B, which 1s the direction of recipro-
cation, of the position of the recording head 12, which serves
as the discharging position of the ink of the carnage 11.
Thus, the piezoelectric film sensor 120 may be disposed on
both sides of the carriage 11 with respect to the direction B.
Thus, when the carriage 11 moves 1n both directions during
reciprocation, the configuration allows detection of contact
between the recording medium P and the liquid discharging
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unit 100 with high accuracy (an accuracy corresponding to
the slight distortion of the section on which the piezoelectric
film sensor 120 1s attached).

Further, the recording apparatus 1 of the exemplary
embodiment 1s configured to determine displacement of the
piezoelectric film sensor 120 by the control unit 18 using a

plurality of standards, making 1t possible to change the
method 1n which at least one of the discharging of ink by the
liquid discharging unit 100 and the transport of the recording
medium P by the transport unit 9 1s stopped 1n accordance
with the size of the displacement. The control unit 18 can
determine the displacement 1n multiple ways. That 1s, the
configuration allows the liquid discharging operation to be
stopped by different methods in accordance with the degree
ol contact between the recording medium P and the liquid
discharging unit 100.

Specifically, the recording apparatus 1 of the exemplary
embodiment may have two threshold values that determine
displacement of the piezoelectric film sensor 120. Then,
when displacement greater than or equal to a first threshold
value and less than a second threshold value 1s detected, the
carriage 11 1s moved to a home position (a position that
allows the recording head 12 to be capped by a cap (not
illustrated)). Then, reciprocation of the carriage 11 1s
stopped. Further, when displacement greater than or equal to
the second threshold value 1s detected, reciprocation of the
carriage 11 1s stopped immediately. Thus, the recording
apparatus 1 of the exemplary embodiment 1s capable of
waiting for favorable timing (e.g., after a main pass of the
recording head for example) to stop the liqud discharging
operation when the degree of contact between the recording
medium P and the carnage 11 i1s low, and immediately
stopping the liquid discharging operation when the degree of
contact between the recording medium P and the carriage 11
1s high. The decision 1s made on the basis of the control
performed by the control unit 18. The control unit 18 may
monitor the output of the piezoelectric film sensor continu-
ously or periodically (may be a very fast period such that the
output 1s sampled multiple times during each pass of the
recording head).

Next, the electrical configuration of the recording appa-
ratus 1 of the exemplary embodiment will be described.

FIG. 4 1s a block diagram of the recording apparatus 1 of
the exemplary embodiment.

The control unit 18 1s provided with a CPU 19 that carries
out overall control of the recording apparatus 1. The CPU 19
1s connected with or to a ROM 21 that stores various control
programs and the like that are executed by the CPU 19, and
a RAM 22 capable of temporarily storing data, via a system
bus 20.

Further, the CPU 19 1s connected with a head driving unit
23 configured to drive the recording head 12, via the system
bus 20.

Further, the CPU 19 1s connected with a motor driving
unit 24 configured to drive a carriage motor 25 configured to
move the carriage 11, a feeding motor 26 that serves as the
driving source of the setting unit 14, a transport motor 27
that serves as the driving source of the driving roller 5, and
a winding motor 28 that serves as the driving source of the
winding unit 15, via the system bus 20.

Further, the CPU 19 is connected with a heater driving
unit 33 configured to drive the heaters 6, 8, 13 via the system
bus 20.

Furthermore, the CPU 19 i1s connected with an nput/
output unit 31 via the system bus 20, and the input/output
unit 31 1s connected with the piezoelectric film sensors 120
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and a PC 29 which serves as an external device that inputs
record data and the like into the recording apparatus 1.

Next, a specific configuration example of the skirt 110
serving as the “sensor adhering plate” will be described.

FIG. 5 1s a plan view 1llustrating a main part E of the skirt
110 1llustrated in FIG. 2. FIG. 6 1s a cross-sectional view
along F-F i FIG. 3.

The skirt 110 1s a plate-like body provided to or on the
liquid discharging unit 100 1n a position that faces (opposes)
the recording medium P transported to the recording region.
The skart 110 includes a resin plate 111, a frame 112, and the
like.

The resin plate 111, as illustrated in FIG. 2, has a position
and a length 1n the transport direction A (length in the
longitudinal direction of the resin plate 111) when attached
to the carriage 11 that cover the movement range of the
recording head 12. That 1s, the length of the resin plate 111
in the transport direction A i1s the same as or somewhat
ogreater than the length of the recording head 12 i the
transport direction A. When, 1n a planer view, the carriage 11
1s moved 1n the itersecting direction B, the movement range
of the carriage 11 enters the range in which the resin plate
111 moves.

The length of the resin plate 111 in the intersecting
direction B 1s longer than a maximum length of the piezo-
electric film sensor 120, and short to the extent that the
length of the recording apparatus 1 in the intersecting
direction B 1s not needlessly long when the carriage 11 1s
moved 1n the mtersecting direction B. That 1s, the length of
the resin plate 111 1n the mtersecting direction B 1s accept-
able as long as the length 1s a necessary and suflicient length
for provision of the adhering surface 111A which allows
adherence of the piezoelectric film sensor 120 with the
longitudinal direction thereof 1n the mntersecting direction B.

Further, one corner portion of the resin plate 111 on the
transport direction A side (corner portion on the side oppo-
site to the side along the carriage 11) has an obliquely cut
shape. When the carriage 11 1s moved in the intersecting
direction B, for example, and a wrinkle or a floating section
that occurred 1n the recording medium P comes into contact
with this corner portion of the resin plate 111, the obliquely
cut shape makes 1t possible to press the wrinkle of the
recording medium P 1n the transport direction A. In this
example, a width of the resin plate 111 narrows along at least
a portion of 1ts length in the transport direction. The nar-
rowest portion of the resin plate 111 and of the sensor 120
1s Turthest downstream 1n the transport direction.

A frame 112 may be a metal frame provided to increase
a rigidity of the skirt 110 and, as illustrated in FIG. 2 and
FIG. 6, may be screw-fastened or the like from an upper side
(the side opposite to the side opposing the recording medium
P) of an outer edge portion of the resin plate 111, thereby
supporting the resin plate 111. Further, the frame 112 1s fixed
to the carriage 11 by screw-fastening or the like. Note that
the frame 112 may be configured integrally with the frame

that constitutes the carriage 11 rather than as a separate body
fixed to the carnage 11.

In the substantial center portion of the resin plate 111, the
adhering surface 111A onto which the piezoelectric film
sensor 120 1s adhered 1s provided 1n a rectangular shape, by
way ol example, on a back surface of a recording medium
facing surface 111B (refer to FIG. 6) that faces the recording
medium P transported to the recording region, as illustrated
in FI1G. 5. Further, the space d2 (refer to FIG. 3) between the
recording medium facing surface 111B (back surface of the
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adhering surface 111A) and the recording medium P 1s
smaller than the space d1 between the recording head 12 and
the recording medium P.

Further, a slit 130 1s formed around the periphery of the
adhering surface 111 A (or around a portion of the periphery
of the adhering surface 111A), forming a cantilever (here-
inafter referred to as a “detection beam 113”) in which the
resin plate 111 that supports the adhering surface 111A
extends in the intersecting direction B. Specifically, the slit
130 (a fine groove that penetrates the resin plate 111 of the
skirt 110) 1s formed along three sides (the two sides of the
upstream side and the downstream side in the transport
direction A (excluding a portion near the carriage 11) and the
side opposite to the carnage 11) of the periphery of the
rectangular region where the piezoelectric film sensor 120 1s
adhered. With the slit 130 thus provided, the cantilever-
shaped region (detection beam 113) with the end portion
vicinity of the slit 130 near the carriage 11 (the vicinity of
the position G illustrated in FIG. 6) formed as a fulcrum 1s
configured to be flexible while the resin plate 111 at large 1s
supported with high rigidity by the frame 112. The cantile-
ver-shaped region 1s thus free to move and deform. By
detecting the displacement of any deformation, the control
unit can determine how to respond to any detected defor-
mation as disclosed herein.

FIG. 7 1s a schematic plan view illustrating the piezoelec-
tric film sensor 120 adhered to the adhering surface 111A.
Note that, in FIG. 7, the illustration of the frame 112 1s
omitted.

The piezoelectric film sensor 120 includes a detecting unit
121 configured to generate an output 1n accordance with the
degree of deformation of the adhering surface 111 A (that 1s,
the detection beam 113) onto which the piezoelectric film
sensor 120 1s adhered. The sensor 120 also includes a circuit
unit 122 that includes a circuit configured to transmit the
output to the control unit 18. As 1llustrated 1n FIG. 7, of the
piezoelectric film sensor 120, the circuit unit 122 1s adhered
in a position that enters a region 111A1 near the carriage 11
from a line that connects the end portions of the slit 130 near
the carriage 11, and the detecting unit 121 1s adhered in the
region (the detection beam 113) that extends to the side
opposite to the carriage 11. In other words, the slit 130 1s
formed around the periphery of the adhering surface 111A
where the detecting unit 121 1s adhered, and 1s not formed
around the periphery of the adhering surface 111 A where the
circuit unit 122 1s adhered. Thus, the slit 130 1s arranged to
minimize deformations to the circuit unit 122. Rather, the
slit 130 eflectively defines the detection beam that 1s subject
to deformation and whose deformation 1s detected by the
circuit unit 122 and output to the control unit 18.

FIG. 8 1s a schematic front cross-sectional view 1llustrat-
ing a main part H of the skirt 110 illustrating 1n FIG. 6.

As described above, while the detection beam 113, due to
the slit 130, 1s configured to be easily flexible as a cantilever,
the end portion vicinity on the carriage 11 side of the slit 130
serves as a support unit. Thus, the skirt 110 1s configured to
regulate deformation of the detection beam 113. That 1s,
when the recording medium P comes 1nto contact with the
recording medium facing surface 111B of the detection
beam 113 and presses the recording medium facing surface
111B upward 1n the direction of the arrow 1llustrated 1n FIG.
8, the skirt 110 regulates the deformation of the detection
beam 113 caused by this upward pressing. Specifically, as
described below, the skirt 110 includes a deformation regu-
lating unit 150 that regulates the maximum amount of
deformation of the adhering surface 111 A. This may prevent
damage to the adhering surface 111 A 1n one example.
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The deformation regulating unit 150 includes a contact
umt 113 A, a recerving unit 112A, a guard unit 111D, and the
like.

The contact unit 113 A, as 1illustrated in FIG. 5 and FIG.
8, 1s configured as a plate-like body that protrudes from the
detection beam 113 in the direction opposite to the direction
D. The contact unit 113A protrudes at the tip end portion
(end portion on the side opposite to the carriage 11) of the
detection beam 113. Thus, the detection beam 113 has an
upturned portion at the tip that extends away from the
recording medium P.

The recetving unit 112A, as illustrated 1n FIG. 5 and FIG.
8, 1s integrally configured with the frame 112 as a plate-like
body that extends from the frame 112 in the direction of the
carriage 11 to an upper side (side 1n the direction opposite to
the direction D) of the contact unmit 113A.

The guard unit 111D, as illustrated 1 FIG. 7, 1s a region
within the resin plate 111 positioned 1n a direction away
from the carriage 11, and encompasses substantially one-
third of the tip end side of the detection beam 113 and, as
illustrated 1n FIG. 8, 1s configured to be in a direction by
which a height position (position in the direction D) of the
recording medium facing surface 111B 1s separated from the
recording medium P by W2 (that 1s, the resin plate 111 1s
decreased 1n thickness by the thickness W2 at least in the
guard unit 111D portion of the resin plate 111). In this
example, the guard unit 111D 1s turther away from the
recording medium P than the detection beam 1n a direction
of the arrow D.

In a state without an external force applied to the detection
beam 113, the detection beam 113 does not flex and, as
illustrated in FIG. 8, a space W1 exists between a tip end of
the contact unit 113 A and a lower end surface (surface on the
direction D side) of the receiving unit 112A. That 1s, when
the recording medium P comes mto contact with the record-
ing medium facing surface 111B of the detection beam 113
and the recording medium facing surface 111B 1s pressed
upward 1n the direction of the arrow illustrated in FIG. 8, the
tip end (contact unit 113 A) of the detection beam 113 moves
by an amount equivalent to the space W1. However, because
the tip end of the contact unit 113A comes into contact with
the lower end surface of the recerving unit 112A, any further
movement 1s regulated.

Further, 1n a state without an external force applied to the
detection beam 113, the guard unit 111D 1s configured to
ensure a height difference of W2 1n the direction D between
the recording medium facing surface 111B of the guard umit
111D and the recording medium facing surface 111B of the
detection beam 113, as illustrated in FIG. 8.

Note that, in the exemplary embodiment, W1=W2.
Accordingly, even 1f the tip end of the contact unit 113A
comes 1nto contact with the lower end surface of the
receiving umt 112 A and a force 1s applied that works to press
the detection beam 113 further upward, the detection beam
113 i1s guarded by the guard unit 111D supported by the
frame 112 having high rigidity, thereby suppressing defor-
mation of the detection beam 113.

Note that the contact unit 113A may include a tapered
portion 1131 that does not protrude straight from the tip end
portion (the end portion on the side opposite to the carriage
11) of the detection beam 113 1n the direction opposite to the
direction D, but rather gradually comes closer to the receiv-
ing unit 112A as the distance from the carriage 11 increases,
as 1llustrated in FIG. 8. When an end portion of the recording
medium P or a peak portion of a wrinkle of the recording
medium P floats upward from the platen 3 (refer to FIG. 1)
and comes 1nto contact with the tapered portion 1131 (comes
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into contact from the right side with the tapered portion
11371, which moves leftward, when FIG. 8 1s viewed {rom
the front), this tapered portion 113T makes 1t possible to
press the recording medium P 1n the direction of direction D.
Further, as illustrated 1in FIG. 8, a tapered portion 1117 1s
also provided to the guard unit 111D to achieve this same
advantage.

While one (the right side when FIG. 2 1s viewed from the
tront) of the skirts 110 provided to both side end portions of
the carritage 11 in the intersecting direction B has been
described using FIG. 5 to FIG. 8, the other skirt 110 1s
similarly configured, with the left and right in the drawings
reversed.

As described above, according to the liquid discharging
apparatus (the recording apparatus 1) of the exemplary
embodiment, it 1s possible to achieve the advantages below.

The slit 130 (a fine groove that penetrates the skirt 110 or
that penetrates the resin plate 111) 1s formed around the
periphery or a portion of the periphery of the adhering
surface 111 A onto which the piezoelectric film sensor 120 1s
adhered. This makes the region of the skirt 110 (resin plate
111) that includes the adhering surface 111 A less susceptible
to stress from the periphery when the adhering surface 111 A
deforms (or 1s about to deform). That 1s, the slit 130 1s
provided around the periphery of the adhering surface 111A,
making it possible to facilitate deformation of the adhering
surface 111A. Thus, the piezoelectric film sensor 120
adhered to the adhering surface 111 A makes 1t possible to
detect the recording medium P that comes into contact with
the region of the skirt 110 that includes the adhering surface
111 A, with higher sensitivity. This makes it possible to
turther enhance the detection accuracy of the contact state
when the recording medium P and the liquid discharging
unit 100 come 1nto contact, and suppress contact between
the recording medium P and the liquid discharging unit 100
which causes damage to at least one of the recording
medium P and the liquid discharging unit 100.

Further, the skirt 110 includes the deformation regulating
unit 150 that regulates the maximum amount of deformation
of the adhering surface 111A, thereby preventing the adher-
ing surface 111 A, which 1s configured to easily deform, from
deforming beyond a limit. That 1s, damage to the skart 110
(the region of the skart 110 that includes the adhering surface
111 A, that 1s, the detection beam 113) as a result of contact
with the recording medium P or the like 1s prevented.

Further, the distance (space d2) between the back surface
(recording medium facing surface 111B) of the adhering
surface 111 A onto which the piezoelectric film sensor 120 1s
adhered and the recording medium P transported to the
recording region 1s less than the distance (space d1) between
the recording head 12 and the recording medium P trans-
ported to the recording region. This makes 1t possible for the
piezoelectric film sensor 120 to detect that the recording
medium P near but not 1n contact with the recording head 12.
This makes 1t possible to suppress contact between the
recording medium P and the ligmd discharging unit 100
which causes damage to at least one of the recording
medium P and the liquid discharging unit 100.

Further, the slit 130 1s provided around the periphery (or
a portion thereol) of the adhering surface 111 A onto which
the detecting unit 121 of the piezoelectric film sensor 120 1s
adhered, that is, the detection beam 113 i1s provided. This
makes 1t possible to facilitate deformation of the adhering
surface 111 A onto which the detecting unit 121 1s adhered.
This makes it possible to further increase the sensitivity of
the piezoelectric film sensor 120. Further, the slit 130 1s not
tormed around the periphery of the adhering surface 111A
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onto which the circuit unit 122 1s adhered, making 1t possible
to decrease the degree to which the circuit unit 122 deforms
and thus suppress a decrease 1n reliability of the circuit unit
122. Thus, the slit 130 1s formed to facilitate deformation of
the detection beam while ensuring the rigidity of the circuit
umt 122. This increases the reliability of the sensor 120.

Further, the liquid discharging unit 100 1s capable of
discharging liquid (ink) while moving in the intersecting
direction B that intersects with the transport direction A, and
the control unit 18 controls the movement of the liquid
discharging unit 100 on the basis of the output of the
piczoelectric film sensor 120. This makes 1t possible to
suppress contact between the liguid discharging unit 100
that moves 1n the intersecting direction B and the recording
medium P which causes damage to at least one of the
recording medium P and the liquid discharging unit 100.

Note that the invention 1s not limited to the exemplary
embodiment described above, and various changes and
modifications may be applied thereto. Modified examples
are described below. Here, the components that are the same
as those 1 the exemplary embodiment described above are
referenced using like numbers, and duplicate descriptions
thereol are omitted.

Modified Example 1

FIG. 9 1s a schematic plan view 1llustrating the piezoelec-
tric film sensor 120 adhered to the adhering surface 111 A of
the skirt 110 according to Modified Example 1.

While Exemplary Embodiment 1 describes the slit 130 as
being formed around the periphery of the adhering surface
111 A as a cantilever region (detection beam 113) 1n which
the adhering surface 111 A extends 1n the intersecting direc-
tion B as illustrated in FIG. 5 to FIG. 7, the slit 130 1s not
limited to this configuration. As illustrated 1n FIG. 9, the slit
130 may be formed around the periphery of the adhering
surface 111A as a cantilever region (detection beam 213) 1n
which the adhering surface 111A extends in the transport
direction A. That 1s, the detection beam 113 described 1n
Exemplary Embodiment 1 may be rotated 90 degrees right-
ward 1n FIG. 7. Further, the rotation angle 1s not limited to
90 degrees, and thus, for example, the detection beam 113
may be rotated 45 degrees rightward. In addition, 1t may be
possible to include multiple sensors 120 1n each skirt.

The disclosure of Japan Application No. 2016-107083
filed May 30, 2016 1s incorporated by reference in 1ts
entirety.

What 1s claimed 1s:

1. A liqud discharging apparatus, comprising:

a transport unit configured to transport a recording
medium 1n a transport direction;

a liquid discharging unit configured to discharge a liquid
onto the recording medium transported to a recording
region;

a sensor adhering plate provided to the liquid discharging
unit 1n a position facing the recording medium trans-
ported to the recording region;

a piezoelectric film sensor adhered to an adhering surface
of the sensor adhering plate and configured to generate
an output 1 accordance with a degree of deformation
of the adhering surface; and

a control unit configured to control the liquid discharging
unit and/or the transport unit on the basis of the output
of the piezoelectric film sensor;

the adhering surface of the sensor adhering plate includ-
ing a slit formed around a periphery thereof.
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2. The liquid discharging apparatus according to claim 1,
wherein the sensor adhering plate includes a deformation
regulating unit configured to regulate a maximum amount of
deformation of the adhering surface.

3. The liquid discharging apparatus according to claim 1, >
wherein:

the liqud discharging unit includes a recording head

provided with a plurality of nozzles configured to
discharge the liquid;

the adhering surface is provided to or on a back surface of 1©

a recording medium facing surface of the sensor adher-
ing plate, the recording medium facing surface facing
the recording medium transported to the recording
region; and

a space between the back surface of the adhering surface 15

and the recording medium transported to the recording
region 1s smaller than a space between the recording
head and the recording medium transported to the
recording region.

4. The liquid discharging apparatus according to claim 1, 2¢
wherein:

the piezoelectric film sensor includes a detecting unit

configured to generate an output i accordance with the
degree of deformation of the adhering surface, and a
circuit unit that includes a circuit configured to transmit 23
the output to the control unit; and

the slit 1s formed around the periphery of the adhering

surface onto which the detecting unit 1s adhered.

5. The liquid discharging apparatus according to claim 1,
wherein: 30
the liquid discharging unit allows discharging of the liquid
while moving 1n an intersecting direction that intersects

with the transport direction; and

the control unit 1s configured to control the movement of

the liquid discharging unit on the basis of the output of 3>
the piezoelectric film sensor.

6. The liquid discharging apparatus according to claim 2,
wherein:

the liquid discharging unit includes a recording head

provided with a plurality of nozzles configured to 4V
discharge the liquid;

the adhering surface 1s provided to or on a back surface of

a recording medium facing surface of the sensor adher-
ing plate, the recording medium facing surface facing
the recording medium transported to the recording 4>
region; and

a space between the back surface of the adhering surface

and the recording medium transported to the recording
region 1s smaller than a space between the recording
head and the recording medium transported to the >°©
recording region.

16

7. The liguid discharging apparatus according to claim 2,
wherein:

the piezoelectric film sensor includes a detecting unit

configured to generate an output 1n accordance with the
degree of deformation of the adhering surface, and a
circuit unit that includes a circuit configured to transmit
the output to the control unit; and

the slit 1s formed around the periphery of the adhering

surface onto which the detecting unit 1s adhered.

8. The liquid discharging apparatus according to claim 3,
wherein:

the piezoelectric film sensor includes a detecting umnit

configured to generate an output 1n accordance with the
degree of deformation of the adhering surface, and a
circuit unit that includes a circuit configured to transmut
the output to the control unit; and

the slit 1s formed around the periphery of the adhering

surface onto which the detecting unit 1s adhered.

9. The liquid discharging apparatus according to claim 2,
wherein:

the liquid discharging unit allows discharging of the liquid

while moving 1n an intersecting direction that intersects
with the transport direction; and

the control unit 1s configured to control the movement of

the liqguid discharging unit on the basis of the output of
the piezoelectric film sensor.

10. The liquid discharging apparatus according to claim 3,
wherein:

the liquid discharging unit allows discharging of the liquid

while moving 1n an intersecting direction that intersects
with the transport direction; and

the control unit 1s configured to control the movement of

the liquid discharging unit on the basis of the output of
the piezoelectric film sensor.

11. The liguad discharging apparatus according to claim 4,
wherein:

the liquid discharging unit allows discharging of the liquid

while moving 1n an intersecting direction that intersects
with the transport direction; and

the control unit 1s configured to control the movement of

the liqguid discharging unit on the basis of the output of
the piezoelectric film sensor.

12. The liquid discharging apparatus according to claim 1,
wherein the output of the piezoelectric film sensor 1s com-
pared to at least two threshold displacement values.

13. The liquid discharging apparatus according to claim 1,
wherein the liquid discharging unit 1s stopped immediately
if the output 1s greater than a second output, wherein the
liguid discharging umt 1s allowed to finish a pass if the
output 1s between the first and second thresholds.
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